Background: The emerging renal and cardiovascular complications of type 2 diabetes (T2DM) genetics involves differently assembled gene variants including transcription factor 7-like 2 (TCF7L2) and peroxisome proliferator-acti-
vated receptor gamma 2 (PPARG2) polymorphisms. However, the relevance of these genes for complication prediction has not been extensively tested. Methods: We analyzed the SNP rs7903146 variants in TCF7L2 and PPARG2 gene polymorphisms for their contribution to the incidence of chronic kidney disease (CKD) and cardiovascular complications in a prospective cohort study. All T2DM patients were followed up to estimate the glomerular filtration rate and cardiovascular outcomes. Cox proportional hazards regression models were used to estimate the genotype effect on the incidence of CKD and vascular complications. Results: A total of 422 patients were included. SNP rs7903146 variants in the TCF7L2 gene were classified into 3 groups: CC, 385 patients (91.2%), CT, 32 patients (7.6%), and TT, 5 patients (1.2%), while in the PPARG2 gene they were classified into 2 groups: Pro12Pro, 404 patients (95.7%) and Pro12Ala, 18 patients (4.3%). The prevalence of CKD, cardiovascular disease, and death at the end of the 5-year follow-up was 16.8, 29, and 7 .9%, respectively. The Pro12Ala variant of the PPARG2 gene was significantly associated with increased CKD risk at the end of the study (adjusted HR 3.45, 95% CI 1.01-11.77, p = 0.046); it showed a significant association with increased cerebrovascular risk, but not cardiovascular disease and mortality. No genotype effect of rs7903146 in the TCF7L2 gene was apparent on renal and cardiovascular complications, except the TT variant of rs7903146 increased cardiovascular events when compared with the non-TT variant. Conclusion: The findings of our study were that the Pro12Ala variant in the PPARG2 gene was associated with risk of developing CKD and cerebrovascular disease in Asian T2DM subjects in a prospective cohort study. The TCF7L2 polymorphism was not associated with cardiovascular outcomes.
Background
Diabetes mellitus is a common disease present in about 415 million individuals worldwide and the number of subjects with diabetes aged 20-79 years has been predicted to rise to 642 million by 2040 [1] . Patients with type 2 diabetes (T2DM) have increased cardiovascular disease, kidney disease, and patient mortality compared with the general population [2] . Pathogenetic factors of vascular complications regarding T2DM comprise hemodynamic factor, metabolic stimuli, and genetic susceptibility. T2DM with macrovascular and microvascular complications is a classic complex trait, whose development in a given individual likely reflects contributions from multiple genes whose expression is modulated by environmental factors [3, 4] .
Genome-wide association studies have disclosed chromosomic regions containing diabetes mellitus susceptibility genes in chromosome 10q, which were later defined as local variations in the transcription factor 7-like 2 (TC-F7L2) gene, especially rs7903146 (T allele), which is associated with the strongest risk of developing T2DM [5] . In addition, the peroxisome proliferator-activated receptor gamma 2 (PPARG2) gene, located on chromosome 3p, is associated with developing T2DM and vascular complications. A common C to G base exchange leads to the substitution of proline to alanine in codon 12 of exon 2 in the PPARG2 gene (the Pro12Ala polymorphism). This substitution is within the domain that enhances ligand-independent activation, and a functional study has shown that the Ala isoform leads to less efficient stimulation of PPARG2 target genes associated with increased risk of T2DM [6, 7] .
Though the results of studies of TCF7L2 and PPARG2 polymorphisms and diabetic complications have been conflicting, several studies have suggested an association of the rs7903146 (T allele) of TCF7L2 and the Pro12Ala allele of the PPARG2 gene with vascular complications and mortality regarding T2DM [8, 9] . In this study, we aimed to study the influence of the TCF7L2 rs7903146 and PPARG2 Pro12Ala polymorphisms on the risk of cardiovascular disease, renal complications, and mortality among Asian individuals with T2DM.
Methods

Subjects
The study employed a prospective cohort design. The patients were followed up from May 2011 to December 2015. Inclusion cri-teria of the study included age 18 years or older, and having T2DM. Exclusion criteria included active malignancy, severe heart, lung, or liver disease, previous stroke, chronic infection, e.g., tuberculosis within 1 year of starting the study, and any immunological or inflammatory disorders. All patients with T2DM aged > 18 years attending the outpatient clinic at Phramongkutklao Hospital were invited to participate in the study of genetic risk factors for developing diabetic micro-and macrovascular complications. T2DM was diagnosed according to the 2015 American Diabetes Association diagnostic criteria for diabetes. A complete medical history was taken, a physical examination was conducted, and phenotypic characteristics were recorded for all subjects.
Laboratory Testing
All of the patients underwent a standardized clinical and laboratory evaluation. The serum concentration of creatinine was measured using the enzymatic method. Glomerular filtration rate (GFR) was estimated from calibrated serum creatinine using the 2009 Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) creatinine equation, and hemoglobin A1c was determined by standard HPLC techniques.
TCF7L2 and PPARG2 Polymorphism Genotyping
Genomic DNA was extracted from 5 mL of peripheral blood using a standard salting-out procedure. Polymerase chain reaction (PCR) primers used for the s7903146 polymorphism of TCF7L2 were: rs7903146-F TTAGAGAGCTAAGCACTTTTTAGGTA and rs7903146-R ACTAAGTTACTTGCCTTCC. PCR primers used for Pro12Ala polymorphism of PPARG2 were: Pro12A-F GCCAATTCAAGCCCAGTC and Pro12A-R GATATGTTTG-CAGACAGTGTATCAGTGAAGGAATCGCTTTCCG. The studied polymorphism was detected by PCR-restriction fragment length polymorphism assay (PCR-RFLP) (Taqman SNP genotype assay by ABI 7900HT Sequence Detection System). The quality control for these assays was assessed by randomly selecting 50 samples that were re-genotyped by an independent technician. Observed concordance between genotyping assays was 100%.
Clinical Outcomes
Chronic kidney disease (CKD) was defined as having an estimated GFR < 60 mL/min/1.73 m 2 and end-stage renal disease (ESRD) was defined as having an estimated GFR < 15 mL/min/ 1.73 m 2 or requiring long-term renal replacement therapy. Cardiovascular events were defined as a new onset of acute coronary syndrome, myocardial infarction, unstable angina, or new cardiac procedure. Cerebrovascular events were defined as a new onset of transient ischemic attack, cerebral ischemia, or cerebral hemorrhage. The endpoints were all-cause mortality, cardiovascular events (including acute coronary syndrome, myocardial infarction, unstable angina, or new cardiac procedure) and renal events (including CKD and ESRD).
Statistical Analysis
Normally distributed variables are presented as mean ± SD, whereas nonnormally distributed variables are presented as median with interquartile range (IQR). Differences in categorical variables were tested for statistical significance using the χ 2 test. For continuous variables the t test and ANOVA were applied. All time-to-endpoint variables were analyzed using a log-rank test and displayed on Kaplan-Meier plots. Cox regression models were DOI: 10.1159/000497100 used to estimate the unadjusted and adjusted hazard ratios (HR) with 95% confidence intervals (CI). A p value of 0.05 or less was considered statistically significant. All calculations were performed using a commercially available program (SPSS for Windows, Version 15.0).
Results
Baseline Characteristics
The study enrolled 422 patients with T2DM according to PPARG2 and TCF7L2 genotypes. In the entire population, the Pro12Ala polymorphism of PPARG2 genotype frequencies were: Pro12Pro = 96% (n = 404) and Pro12aAla = 4% (n = 18). The rs7903146 polymorphism of TCF7L2 genotype frequencies were: CC = 91% (n = 385); CT = 8% (n = 32), and TT = 1% (n = 5) ( Fig. 1 ).
This study population included 48.5% males with a mean age of 62 ± 11.8 years. Mean estimated GFR was 72.8 ± 31.8 mL/min/1.73 m 2 . The prevalence of hypertension, dyslipidemia, and history of coronary artery disease was 95.0, 95.9, and 14.9%, respectively. The baseline clinical and laboratory data of all patients according to genotype of PPARG2 and TCF7L2 polymorphisms are shown in Tables 1 and 2, respectively. No differences were found in genotype frequencies for age, sex, systolic blood pressure, diastolic blood pressure, LDL cholesterol, serum creatinine, and estimated GFR.
PPARG2 Polymorphism and Vascular Complications
During a median follow-up time of 60 (IQR 48-60) months, 67, 37, and 35 patients developed cardiovascular events, cerebrovascular events, and death, respectively. Variants of PPARG2 (Pro12Ala) were significantly associated with increased incidence of cerebrovascular events (22.2 vs. 8.1%, p = 0.04), but not with the incidence of cardiovascular events and death (Table 3) .
No difference in the incidence of ESRD was found by the PPARG2 genotype, but the incidence of ESRD (4.9%) occurred only in the Pro12Pro genotype group. Further analysis was determined in a subgroup of patients with baseline GFR > 60 mL/min/1.73 m 2 for exploring the incidence of CKD. Among 375 patients with baseline estimated GFR > 60 mL/min/1.73m 2 , patients with the Pro12Ala genotype developed CKD significantly more than those with the Pro12Pro genotype (75 vs. 49.3%, p = 0.044). The Kaplan-Meier curve for the progression of CKD in the two genotype groups is presented in Figure 2 . Patients with the Pro12Ala genotype were associated with a significantly higher incidence of CKD than patients with the Pro12Pro genotype (p = 0.034, log-rank test). Finally, after adjusting for several established risk factors for developing kidney disease, only the Pro12Ala genotype (adjusted HR 3.75, 95% CI 1.10-12.81, p = 0.047), hypertension (adjusted HR 16.61, 95% CI 1.98-123.29, p = 0.009), and nonhypoglycemic agent (adjusted HR 3.45, 95% CI 1.46-8.12, p = 0.0095) were significantly and independently associated with CKD incidence (Table 4 ).
TCF7L2 Polymorphism and Vascular Complications
The TT variant of rs7903146 showed a significantly higher incidence of cardiovascular events (60 vs. 15.8%, p = 0.01) compared with the non-TT variant of rs7903146. However, the TCF7L2 polymorphism was Data are presented as mean ± SD or n (%), as appropriate. RAAS blockage, renin angiotensin aldosterone system blockage; LDL, low-density lipoprotein; GFR, glomerular filtration rate. not associated with increased risk of cardiovascular events, cerebrovascular events, and death using Cox regression models (Table 5 ). However, no difference in the incidence of CKD was found between the TCF7L2 genotype (TT genotype: 0%, CT genotype: 30%, and CC genotype: 25.4%, p = 0.452) and ESRD (TT genotype: 0%, CT genotype: 9.3%, and CC genotype: 4.4%, p = 1.000).
Discussion
This study, conducted in a representative sample of patients with T2DM, showed that the Pro12Ala polymorphism of PPARG2 was significantly associated with increased incidence of CKD and the Pro12Ala variant had a significantly higher incidence of cerebrovascular events. The Pro12 allele is more common in the Thai population Data are presented as mean ± SD or n (%), as appropriate. Percentage indicates the percentage of incidence within 5-year comparison between genotype groups. Incidence was calculated by χ 2 test, and Cox regression models were used to estimate the hazard ratios with 95% CI. Significant was defined as p value <0.05. than in Caucasian populations (98 vs. 88%) [10] . In contrast, the TT genotype of TCF7L2 was associated with a significantly higher incidence of cardiovascular events during the 5 years of follow-up. Individual susceptibility to diabetic nephropathy is well recognized even with the same environmental exposure. Polymorphisms of PPARG2 genes might be involved in the process of diabetic nephropathy. Expression of PPARG2 is found in the kidney including in the glomeruli, mesangial cells, and medullary collecting ducts [11, 12] . A related series of studies have investigated the association between the Pro12Ala polymorphism of PARG2 and diabetic nephropathy susceptibility, but provided inconclusive results [13] [14] [15] [16] [17] [18] [19] . Some studies reported that the Ala12 allele protected patients from worsening albuminuria and improving GFR in T2DM [14] [15] [16] . In contrast, in patients with type 1 diabetes with overt diabetic nephropathy, the Ala allele is associated with enhanced decline in GFR and predicts ESRD in Caucasian populations [17] . Similarly, studies in Asian populations found that the Pro12Ala polymorphism was significantly more likely to be associated with ESRD among patients without T2DM and predicted the mortality in patients with ESRD with T2DM [18] . Our study confirmed that the Pro12Ala variant in the PPARG2 gene was associated with increased incidence of CKD, but not associated with ESRD. Different ethnic compositions and genetic susceptibility to nephropathy of the populations studied may partly explain discrepancies in the findings.
PPARG2 has a key role in the molecular pathophysiology of lipid metabolism, obesity, and T2DM and is involved in regulating conventional cardiovascular risk factors [20] . More recent studies have indicated that PPARG2 regulates the transcription and expression of numerous target genes, which have been shown to be involved in adipocyte differentiation, oxidative stress, and atherosclerosis [21] . Two meta-analyses demonstrated that the PARG2 Pro12Ala polymorphism might be an inconsistent risk-conferring locus for the progression of coronary artery disease among Caucasians, but not among Asians Data are presented as n (%). Percentage indicates the percentage of incidence within 5-year comparison between genotype groups. Incidence was calculated by χ 2 test, and Cox regression models were used to estimate the hazard ratios with 95% CI. Significant was defined as p value <0.05. [22, 23] . It has been suggested the racial genetic diversity plays an important role in the etiology of atherosclerosis, similar to our findings in a Thai population. In addition, our study indicated that variants of PPARG2 (Pro12Ala) showed a significantly higher incidence of stroke than had been documented in related studies of patients with T2DM [24] . However, we found no association between the PPARG2 polymorphism and risk of stroke using Cox regression models. As to these findings, further studies are needed.
The TCF7L2 encoded protein TCF-4 plays a distinct role in the Wnt signaling pathway, which has been shown to take part in vascular remodeling, endothelial cell growth, and expression of several inflammatory genes implicated in atherosclerosis [25, 26] . Several studies have reported the association of the TCF7L2 polymorphism rs7903146 with coronary artery disease and the progression of kidney disease in diabetic and nondiabetic subjects [27] [28] [29] [30] [31] . In contrast to related studies, in the ARIC study population, using more than 13,000 subjects, the TCF7L2 SNP rs7903146 did not demonstrate a significant association with incidence of coronary disease, ischemic stroke, peripheral artery disease, or all-cause mortality [32] . Our results did not show a significant association between TCF7L2 rs7903146 (TT genotype) with coronary heart disease and kidney disease in T2DM, but our study comprised a small number of patients with the TT genotype. The different results may be due to differences in race, daily activity, nutrient intake, and economic status. Considering that this constituted a genetic study of association, one limitation was the possibility of other nonevaluated variables that, by acting as confounders, could play significant roles in the findings.
The present study has several limitations. First, the number of patients with some variation of genotypes including TT and Pro12la polymorphism in the study were limited (TT group n = 5, Pro12Ala group n = 18). Second, limitations exist regarding the relative short period of follow-up and the small number of ESRD patients. The latter in general reduced the power to show a statistically significant relation. Third, data of albuminuria, hematuria, and imaging of kidneys are unavailable; the participants with GFR ≥60 mL/min/1.73 m 2 and evidence of kidney damage might be classified in the non-CKD group in the analysis. Finally, we did not perform tests for silent cerebrovascular or cardiovascular disease in asymptomatic patients with T2DM. However, the findings have added extra evidence to the literature concerning this area for further research.
Conclusion
The findings of our study confirmed that the Pro12Ala variant in the PPARG2 gene was associated with the risk of developing CKD and cerebrovascular events in Asian T2DM subjects in the prospective cohort population. TC-F7L2 polymorphism was not associated with cardiovascular outcomes. Further investigations are warranted to understand the pathway-based functional implications of the important loci in the PPARG2 gene.
